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ABSTRACT 
GIS MODELING OF DESERT ROOT CROP MATURATION 
ON THE MID-COLUMBIA PLATEAU 
by 
Mary Michelle Phillips 
March 2003 
The settlement patterns of the prehistoric inhabitants of the Columbia Plateau were 
choreographed to match the cadence of the seasons, with movements timed to efficiently utilize 
available resources. Desert roots, such as lomatium and bitterroot, provided a primary source of 
dietary nutrition, yet the ideal conditions for exploiting these plant resources coalesced for a very 
limited time in any one location. It was therefore necessary to possess an intimate knowledge of 
the plants' lifecycles in order to effectively plan gathering activities. In order to predict the growth 
patterns and maturation rates of these desert root crops, a GIS model was developed using 
lntergraph's GeoMedia Grid Software. By modeling the potential growth patterns of these plant 
resources, it is possible to predict the movements of the peoples involved in this particular 
subsistence activity. The results of this project indicate that GIS modeling may provide an 
effective means to model settlement patterns. 
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For millennia, the inhabitants of the Columbia Plateau followed a pattern of life that was 
intricately tied to the land. As mobile foragers and collectors, their settlement patterns were 
choreographed to match the cadence of the seasons, with movements timed to efficiently exploit 
available resources. While fish and game were relied upon to a considerable degree, by the late 
prehistoric period (some 2500 years ago) plant foods, such as the desert roots lomatium and 
bitterroot, provided the primary source of dietary nutrition. 
Although the gathering and processing of desert root foods was a time and labor 
intensive activity, it left very little evidence in the archaeological record. In past decades, the 
majority of archaeological sites providing evidence of prehistoric life on the Columbia Plateau 
consisted of the large winter base camps along the Columbia River and its tributaries. Such 
sites contain little to indicate the significant role that plant foods, such as lomatium (Lomatium 
spp. ), played. It is primarily from ethnographic accounts--0f past and present Plateau peoples-
that such information is gleaned. 
Lomatium and other species of root plants were intensively utilized in the traditional 
Plateau diet, and though some species were eaten fresh, vast quantities were cooked or dried 
and stored for use during the winter months. The ideal conditions for exploiting each type of 
plant resource coalesced for a very limited time in any one location. It was therefore necessary 
for collectors to possess an intimate knowledge of the plants' lifecycles in order to effectively 
plan gathering activities, as well as to process, transport and store roots. 
While archaeological evidence of root gathering is sparse, it may be possible to 
ascertain the pattern of such activities by creating a predictive model designed to synthesize the 
variables under which such conditions occur. Archaeological predictive models stem from early 
settlement pattern studies, and have evolved over the past few decades into complex, 
multivariate analyses. Modem versions are often created using computers and geographic 
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information systems (GIS), and have long been employed in cultural resource management 
applications. 
The focus of this project involves the development of a predictive model, which utilizes 
several environmental factors in order to predict the growth patterns and maturation rates of 
lomatium, and its companion resource plants. This GIS-based model, developed using the Solar 
Analyst insolation modeling plug-in for Environmental Research lnstitute's (ESRl's) ArcView GIS 
software, and lntergraph's GeoMedia Grid GIS software, is designed to predict early maturation 
locations for the selected plant species during three periods-late winter/early spring, spring and 
summer. Once verified and refined, such a model could be utilized for a variety of applications, 
including regional settlement pattern studies and archaeological site prediction. Models of plant 
maturation and desert root habitat are also readily applicable to efforts in the restoration and 
management of plant and animal communities and the evaluation and protection of traditional 
root gathering places. Demonstrating the utility of GIS and insolation, or solar energy, modeling 
in a study such as this is only a first phase in building resource models, validating their use for 
ecosystems management, verifying model predictions, and proposing management 
recommendations. 
Research Problem and Project Objectives 
The primary project objective will be the development of a desert root maturation model. 
Several fundamental questions are pertinent to the development of such a model and have 
guided this study. The following questions will be addressed within the body of this document: 
1. What characteristics, both environmental and ethnographic, are attributed to the 
Columbia Plateau, the region of interest? 
2. What is known about the traditional utilization and cultural significance of certain 
desert root crops in the Columbia Plateau? 
3. What are the known environmental conditions and ecological variables relevant 
to modeling desert root habitats? 
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4. What types of spatial data and GIS applications are required in order to develop 
a maturation model for select desert root crops? 
5. What factors were involved in the selection of the project study area? 
6. What methods and techniques could be employed to verify and refine the model 
in the future? 
7. What future applications could be developed using plant resource models? 
CHAPTER II 
THE COLUMBIA PLATEAU 
The Land 
The Columbia Plateau, also known as the Columbia Basin, covers much of eastern 
Washington, northern Oregon, and southwestern Idaho. This physiographic province includes 
more than 50,000 square miles and is nestled in the rain shadow of the Cascades. The borders 
of the province are defined by the Columbia River in both the north and the west, the Snake 
River in the south, and the Palouse hills in the east (Lasmanis 1991; Smith 1977). Dominant 
features within the Columbia Plateau include deeply incised rivers and canyons, or coulees, vast 
plateaus, and anticlinal ridges rising steeply to elevations as high as 4,000 feet above sea level 
(Lasmanis 1991 ). Large areas are also covered by scablands-"bare basaltic surfaces from 
which the over1ying mantle of loess has been scoured" (Smith 1977). 
The Columbia Plateau has a long history of volcanic activity. During the Miocene, 
several extensive flows of lava formed the floor of the region, leaving a base of Columbia River 
Basalts. In the ages preceding the last glaciation, a blanket of sediments and wind-blown silt, or 
loess, formed over much of the region's basaltic base (Daubenmire 1988; Daugherty 1956; 
Lasmanis 1991; Smith 1977; Uebelacker 1984). 
During the Pleistocene, a huge ice dam formed along the Montana border, blocking the 
Clark Fork River and creating a huge lake of glacial meltwater. This impoundment, known as 
Lake Missoula, contained a volume of water comparable to that of present-day Lake Michigan, 
and stretched as far as Missoula, Montana, where it left its marks in the form of prominent 
strandlines. On repeated occasions, the lake burst the ice dam, giving rise to a series of 
catastrophic floods that raced across the Columbia Plateau, scouring the landscape, altering it 
dramatically, and creating the Channeled Scablands (Baker 1995; Daubenmire 1988; Daugherty 
1956; Lasmanis 1991; Smith 1977; Uebelacker 1984). 
4 
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Although the climate of the Columbia Plateau has varied considerably since 
Pleistocene floods carved the landscape, it generally stabilized at its present configuration 
around 2500 years ago. During this period, temperatures rose and precipitation fell, bringing 
about the transition to the arid, relatively unproductive steppe, that presently covers the majority 
of the region (Chatters 1986; National Park Service Archeology and Ethnography Program 
2002). Such native species as sagebrush and bunchgrasses dominate the natural landscape, 
interspersed by assorted forbs (Daubenmire 1988; Daugherty 1956). Modem climatic conditions 
are defined by seasonal extremes, with hot summers and moderately cold winters, and 
precipitation as low as seven inches annually in some areas (Hunn 1990). 
James Chatters describes the overall transition in the environment, from one 
characterized by "fairly dispersed, evenly distributed resources ... (into] one in which resources 
were more concentrated in a few, highly productive patches . . . " (1986:13). This transformation 
in tum necessitated an adjustment in subsistence strategies for the peoples of the Columbia 
Plateau. 
The People 
For millennia the Mid-Columbia Plateau was occupied by groups of mobile foragers, 
whose lives were intimately tied to the land. They conversed in Sahaptin-a language which is 
still spoken among such modem populations as the Yakama Indian Nation-and interacted 
freely with their Salishan neighbors to the north and west (Figure 1 ). Chinook Jargon was the 
language of trade, facilitating interaction between the linguistically diverse groups that utilized 
the region. Systems of trade and exchange were widely developed, as was cooperative rights to 
resources (Hunn 1990; Schuster 1975; Walker 1997). According to Deward Walker, Jr., "Cross-
utilization of resources between different families, villages, bands, or other groups was mediated 
primarily through trading partnerships, kinship ties, and social relationships that knitted together 
the peoples of the Plateau into a single economic system" (1997:13). 
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Figure 1. Language Areas of Northwestern North America (Hunn 1990) 
Please note: The map on this page has been redacted due to copyright concerns.
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Prior to contact with Euroamericans, the traditional lifeways of the peoples of the 
Columbia Plateau persisted, with modestly paced cultural changes, for millennia (Hunn 1990; 
Kirk and Daugherty 1978; Walker 1997). Walker suggests that, "What demonstrable changes 
did occur during this period of time can be traced to either climatic change or to innovation in 
techniques· (1997:6). After 1700, however, the introduction of the horse to Plateau culture 
initiated a rather dramatic shift in the traditional Plateau life. Horses were quickly adopted, and 
by the time Lewis and Clark set foot in Oregon Territory, the horse was already an integral part 
of Plateau culture. The addition of horses added an elevated degree of mobility to the inherently 
mobile lives of the Plateau Indians, enabling them to travel much greater distances while 
carrying substantially more supplies (Hunn 1990; Laliberte 2001; Powell 1997; Walker 1997). 
CHAPTER Ill 
SETTLEMENT AND SUBSISTENCE PATTERNS 
During the late prehistoric and early historic periods, the lives of the peoples of the Mid-
Columbia Plateau revolved around the annual food cycle, intertwining the people and the land in 
an intricate tapestry. The settlement patterns of the early inhabitants of this region were such 
that their distribution during any given season was timed to most effectively utilize the available 
resources. These established, seasonal residential patterns reflected a "differential utilization of 
the environment," (Dancey 1973:13) in which location and group composition maximized 
resource acquisition and processing. 
Ames and Marshall (1980) were among the first to suggest that an ethnographic pattern, 
including "winter villages," was the result of the intensification of plant root use after 4,000 years 
ago. This explanation was a refinement of arguments made previously by archaeologists trying 
to trace the emergence of Plateau social organizations (Warren 1968). Subsequent debate has 
focused on the degree of sedentism and resource intensification, and the relative effects of 
environmental change and population growth (Ames et al. 1981; Chatters 1986, 1995; Lohse 
and Lohse 1986; Schalk 1984; Schalk and Cleveland 1983). 
Although several different groups occupied the Mid-Columbia Plateau during the period 
of interest, to a large extent the overall patterns of subsistence and settlement followed a 
comparable schedule. Commonly, during the winter months people clustered in villages on the 
Columbia River floodplain, or along its tributaries. Housepits, or semisubterranean earth lodges, 
were typical winter dwellings, with sites often selected on river bars within ready access to 
driftwood and optimum exposure to the winter sun. Increasingly over time, the winter villages 
began to expand, with generations often occupying the same winter residence sites year after 
year (Chatters 1986; Daugherty 1956). Some of the winter base camps along the Columbia, 
such as Strawberry Island, reached the size of small towns, with numerous house imprints 
serving as witnesses to the thriving communities of the past (Uebelacker 1984 ). 
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During this season, the people lived off the fruits of their labors from the previous 
months of hunting, fishing and gathering. Converging in larger groups encouraged social 
interaction and such forms of entertainment as myth-telling and dancing, while the more 
sedentary pace allowed for such industry as the manufacturing of clothing, baskets, and bags 
(Boas and Teit, 1985; Hunn, 1990). 
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Eugene Hunn points out another important aspect of winter's social contacts when he 
describes the exchange of information that commonly occurred during these months. "The 
visiting facilitated by the enforced rest of the winter season was used to good advantage by 
comparing notes on past experiences and future plans with a series of visitors" (1990:82). Such 
insight often proved vital when scheduling the upcoming year's harvesting activities. 
Finally, the quiet winter months provided an opportunity to recharge and reconnect with 
family and friends. Emphasizing the significance of this time in his description of the traditional 
Yakama Indian lifeway, Morris Uebelacker affirms: 
Winter is a family time. A time of children, parents, elders, and friends. 
A time of short days and long nights. A time of close spaces-a time to rekindle the 
closeness of family and friends which may have been widely separated during the 
resource gathering times of the preceding year. A time to talk, listen, and anticipate the 
future-a time to recall the past. A time when the body craves the fresh green food of 
spring [1984:189]. 
As the land warmed with the coming of spring, the population began to anticipate the 
exodus from their underground winter dwellings. According to Verne Ray, the Sanpoil and 
Nespelem began their seasonal round "during the month called [skeiumen], or 'time that the 
buttercups bloom,' which corresponds roughly to March" (1932:27). During this period, the 
people abandoned their underground winter houses, setting up temporary camps nearby. For 
the next two to three weeks, men hunted for small game and collected shellfish, while the 
women gathered prickly pears and the season's first early roots. 
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The next stage of the removal from the flood plains occurred during the month of 
[kepatctlta'n), "time that the leaves come out' (Ray 1932:27). The large groups common during 
the winter months broke up into smaller bands, consisting of four to five families, which set out 
for favorite root digging grounds. Upon reaching their destinations, the bands celebrated the 
opening of the season's root digging activities with a first roots ceremony. This simple ceremony 
([skpu'mteinem]) marked the beginning of an intense period of root gathering, during which time 
the women worked almost unceasingly to gather and process an entire year's supply of roots 
(Ray 1932). 
Helen Schuster describes a comparable ceremony performed by the Yakama as they 
prepared to begin their annual cycle of subsistence activities. As the snows of winter melted in 
February and March, heralding a new season of growth, the "people gathered the first wild plant 
food to appear, a 'first celery' stalk called xa-siya, and a root feast was held" (1975:82), a custom 
that survives to this day. The Yakama also held a first salmon rite, which corresponded to the 
arrival of the Columbia River salmon in the interior plateau. Such rites signify the importance 
that both root crops and salmon held in the lives of the Yakama Indians (Schuster 1975). 
After exploiting the first run of spring salmon, beginning in March and peaking in mid-
April, the Yakama dispersed, leaving the fishing stations along the Columbia and heading for the 
root digging grounds scattered along the plateau. For the next two months, the families moved 
about the landscape; while women collected and processed roots, men hunted game. Groups 
converged and dispersed, visiting well-known root patches and hunting grounds. One yearly 
convergence occurred early in June at a renowned camas meadow near present-day Kittitas. 
Helen Schuster describes such a meeting: 
This was a regular yearly gathering which lasted a week or longer. 
The Kittitas people were joined by Lower Yakima, Wanapum from 
around Priest Rapids, Wenatchi, the Sinkius band of Columbia and 
Indians from east of the Columbia River, and others. Women dug 
and prepared roots for storage; men gambled; raced horses; held 
councils; traded horses, food, and skins; and people visited and 
"marriages were arranged" [1975:84]. 
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After once again dispersing to fishing stations and hunting grounds, families gathered in 
early August near present-day Teanaway. Much like the previous gathering in Kittitas, this was 
yet another opportunity to work together, trade and engage in entertainment and social 
interactions. 
Families continued to move between food collecting sites, gathering roots and later 
berries, hunting and fishing until about mid-November or December (Schuster 1975). As the 
weather turned colder, groups began heading back towards the villages where they would 
remain throughout the winter months. Although some hunting and fishing activities continued 
throughout the winter months, for the most part people subsisted by utilizing the supplies of plant 
foods, meat, and fish that had been gathered and stored during the spring, summer, and fall 
(Greene 1976). Lingering temporarily, the people of the Mid-Columbia Plateau settled into their 
winter homes, until the warm winds of spring began to blow once again, scattering them across 
the plateau in the ever-renewing cycle of subsistence. 
CHAPTERIV 
DESERT ROOT RESOURCES 
Among the plant foods that provided sustenance in the diet of the Plateau Indians, 
desert roots played a dominant role. Of central importance to this project are the numerous 
varieties of the Lomatium genus, which were widely utilized for food and for various medicinal 
purposes (Table 1 ). Morris Uebelacker enumerates lomatium's contributions to the lifeways of 
the Yakama Indians: "It is Lomatium in all its diversity which provides fresh greens, fresh and 
storable roots, medicines, insect repellents, fish stupefacients, and several other things" 
(1984:151). 
Certain other key resource plants, such as bitterroot (Lewisia rediviva), balsamroot 
(Ba/samorhiza careyana), yellowbells (Fritillaria pudica), and wild onions (Allium spp.), are often 
found growing in conjunction with lomatium (Uebelacker 1984) (Figures 2-8). Such plants share 
lomatium's soil and moisture requirements, thus allowing for a maturation model encompassing 
these resources as well. Although Camas (Camassia quamash) was certainly an essential 
component in the traditional diet, its growth habits diverge greatly from those of lomatium and its 
companion plants, therefore placing outside the scope of this project. 
Lomatium is a hardy, perennial forb that thrives on lithosols, or thin soil interspersed 
thickly with basalt gravel and cobbles (Daubenmire 1988; Hunn 1990; Uebelacker 1984 ). 
Generally, species such as Canby's lomatium (Lomatium canbyt) flower early in March, though 
unseasonal warmth may stimulate flowering as early as January. Plants reach their maturation 
first in low elevation sites receiving maximum solar energy, and mature in successively higher 
locations throughout the spring and summer months (Hunn 1990; Uebelacker 1984 ). 
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Table 1. Lomatium Species of Cultural Significance 
(Adapted from Hunn 1990:100-102) 
Scientific name Uses 
L. canbyi, Type A Staple, tuber eaten, boiled 
or dried whole or as "finger 
cakes" 
L. canbyi, Type B Staple, tuber eaten, baked 
underground 






Staple, tuber eaten, boiled or 
dried whole or as "finger 
cakes" 
Medicine for people and horses 
fish stupefactant, hide tanning 
agent, shoots and young 
roots eaten by Salish and 
Nez Perce Indians 
Tubers eaten 
Tubers eaten or avoided 
Sprouts are the first "Indian 
celery" available in late 
winter, root eaten formerly 
Distribution 
lithosols, n.w. Nev. n. to Douglas 
Co., Wash., where overlaps 
TypeB 
lithosols, Douglas to Spokane 
Cos., Wash. 
Talus slopes, locally, Yakima 
Co., Wash., to Hood River Co., 
Oreg. 
lithosols, Whitman Co., Wash., 
s. and w. through Blue Mtns. to 
e. base Oregon Cascades 
Talus slopes, throughout 
lithosols, c. Columbia basin 
of Wash. e. 
lithosols, e.c. Wash. w. rarely 
to e. slope Cascade Mtns., rare, 
n. Oreg. 








Table 1. continued 
Uses 
Tuber eaten formerly 
Tuber eaten formerly, boiled 
Peduncles and leaf shoots 
eaten fresh, seeds used as 
insect repellent, perfume, 
and medicine 
Favorite, tuber eaten, mixed 
Distribution 
Lithosols and slopes, throughout 
Basalt drainage channels, n.c. 
Oreg. 
Dry open areas, throughout 
Lithosols, e. slope Cascade 
with cous or canbyi to make Mtns 
"finger cakes" 
Formerly used as food and 
medicine, ignored by other 
Sahaptin speakers 
Dry open areas, throughout 
Figure 2. Bare-stemmed lomatium (Lomatium nudicaule) (Hunn 1990) 
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Please note: An image on this page has been redacted due to copyright concerns.
Figure 3. Cous (Lomatium cous) (Hunn 1990) 
Figure 4. Fern-leaved lomatium 
(Lomatium dissectum) (Hunn 1990) 
Figure 5. Gray's lomatium (Lomatium gray,) (Hunn 1990) 
15 
Please note: Images on this page have been redacted due to copyright concerns.
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Figure 6. Bitterroot (Lewisia rediviva) (Hunn 1990) 
Figure 7. Balsamroot "sunflower" (Balsamorhiza careyana) (Hunn 1990) 
Figure 8. Yellowbell (Fritillaria pudica) (Hunn 1990) 
Please note: Images on this page have been redacted due to copyright concerns.
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According to Hunn, this pattern necessitated a "strategy of seasonal upslope mobility," 
since optimal conditions at any specific locality occur within a very finite temporal window 
(1990:106-107). He portrays the pattern as follows: 
Luk~ [Lomatium canby1]-and its companion pyaxf (bitterroot, Lewisia rediviva .. . )-
may be ready for harvest in early April at 500 feet (150 m) elevation, where it is readily 
accessible from riverside fishing villages, and is still harvestable in late June at 6,000 
feet (1,800 m) elevation on mountain ridges several days' journey from the river. 
Camps were traditionally established progressively further from and higher above the 
river from April through June, thus extending the harvest so that a family of four might 
collect a supply of dried roots sufficient for 60 percent of its winter caloric needs ... 
[1990:107]. 
The Lomatium genus is widely distributed throughout the Columbia Plateau, and is 
represented by a diversity of species. Although certain species are rather restricted in their 
habits, sites may contain several intenningled varieties (Hunn 1990; Uebelacker 1984). 
Hitchcock and Cronquist's regional flora (1973) lists forty species of 
lomatiums, which constitute nearly 50 percent of all the native species 
of the Umbelliferae, a large family including such familiar plants as 
carrots, parsley (hence the name "desert parsley" for some lomatiums), 
celery, dill, and coriander. The genus Lomatium includes a total of some 
eighty species found throughout the western half of the United States 
and the southern edge of Canada [Hunn 1990:98-99]. 
The Role of Desert Root Foods in the Mid-Columbia Diet 
Although Verne Ray describes the role that plant foods played in the diets of the Sanpoil 
simply as "a valuable supplement to the meat and fish that held first place" (1932:97), it has 
become increasingly evident that plants provided the majority of the Plateau food supply. While 
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early estimates set the contribution level for plant foods at around 30% of the diet, Eugene 
Hunn has argued that the actual level may be as high as 67% (1981) (Table 2). Similarly, 
Anastasio estimates that roots and bulbs comprised at least half of the Plateau food supply. He 
states that fish contributed approximately one third to the Plateau diet, while game and other 
plant products supplied the balance of the caloric intake (Schuster 1975). 
Hunn attributes this disparity in estimates of plant food contribution levels to an over-
emphasis upon the utilization of salmon. He insists that, ·No attempt has yet been made to 
quantify the vegetable input. This one-sided emphasis on the economic value of the native 
fisheries seems to reflect a misunderstanding of the potential nutritional contribution of native 
plant foods" ( 1981: 126). Hunn points to more recent research in ethnobiology and cultural 
ecology, which recognizes that plant foods played a more significant role than previously 
supposed. This research, including motions studies of modern root gathering activities, along 
with ethnohistorical evidence and enthnographic accounts, lends support to Hunn's claim that 
plant foods, particularly roots, contributed the bulk of the caloric intake of the Mid-Columbia 
Indians. 
Several varieties of roots were utilized on the Mid-Columbia Plateau, including lomatium, 
camas, bitterroot, and wild onion. Of these, camas has long been indicated as the primary root 
utilized in this region. Verne Ray, in his description of the Sanpoil and Nespelem, lists camas as 
the primary root crop, with bitterroot second in importance. Both Eugene Hunn and Robert 
Greengo, however, have recently suggested a greater reliance upon lomatium than was 
previously supposed (Greengo 1982; Hunn 1981, 1990). Greengo states: • A genus virtually 
ignored by ethnographers (Lomatium spp.) was intensively exploited by women, and this biscuit 
root, or desert parsley was a staple food for many Sahaptin people, including those in the vicinity 
of the Priest Rapids" (1982:12). According to Hunn, ·The botanical expertise of the traditional 
mid-Columbia Indians is best exemplified by their recognition of the many species of 'lomatiums,' 
plants all classed in Latin in the genus Lomatium, literally, 'winged seeds'" (1990:98-99). In a 
·talk classification system· compiled by Hunn and D. H. French, ·tourteen basic folk taxa 
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Table 2. A Sample Traditional Plateau Indian Diet (Hunn 1990) 
A Sample Traditional Plateau Indian Diet 
Quantity Calories Protein Carbohydrate Fat Calcium Iron VitaminC 
(gm) (gm) (gm) (gm) (mg) (mg) (mg) 
Bitterroot 500 450 4 108 0.5 223 7.0 
l..mnatium mnbyi 500 540 4 130 0.6 179 5.5 
Camas 300 3.19 2 81 0.7 151 20.7 
Roots total 1,300 1,329 ...!!!._ 319 1.8 553 D.2 
61% 52% 6% 
Hudcleberries 100 62 1 15 0.5 29 0.3 64.5 
Plants total 1,400 1,391 11 3.14 2.3 582 D.5 64.5 
66% 55% 6% 
Salmon 500 8.'iO 107 0 43.5 875 4.5 
FlSh total 23% 3.1% 64% 
Venison 240 302 50 0 9.6 24 
Animal total 740 1,152 157 0 53.1 899 4.5 
34% 45% 94% 
Grand total 2,140 2,543 168 3.14 55.4 1,481 38.0 64.5 
RODA 2.267 45 898 14.0 45.0 
N'*5: RDDA's are c:akwated from age and sex specific values in the Encycloprrlill Ammal111 (International Edition. 
1986, volume 20, pg 569), averaging age and sex subgroups, then weighting males, remales, and c:hildren ( <10 years) as 
equal mmponenls of the total population. Nutritional values are &om Benson et al. 1973, Keeley et al. 1982. Norton et 
al. 1984, Hunn 1981, and Watt and Merrill 1963. The quantities of roots are as estimated above. Values whenever 
possible are for ,l,W roots corrected for water conlenL The quantity of salmon is &om Hewes 1973 and Hunn 1981; of 
huckleberries based on Perkins' observations (n.d. (1838-1843); and that for venison is based on the assumption that 
each hunter kills one elk and two mule deer (of average weight) in the course of a year, with a~ waste factor. 
[of Lomatium] are named in Sahaptin, the language of the middle Columbia, at or below the 
scientific species lever (1981 :127). He suggests that several varieties of lomatium, along with 
bitterroot, camas and huckleberries provided the majority of the vegetable products, and thus the 
bulk of the caloric intake, of the Indians on the southern Columbia Plateau. In fact, Hunn 
estimates that lomatium and bitterroot contributed a combined 900 kcal to the annual per capita 
consumption rates, while camas supplied 400 kcal, and huckleberries 50 kcal (1981). 
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Gathering, Processing and Utilizing Desert Root Crops 
Although gathering desert roots was a labor-intensive process and necessitated intimate 
knowledge of the plants' growth patterns, the tools required were very simple. Nothing more 
elaborate than a sharpened stick and a container in which to collect the roots was required. The 
digging sticks were, however, sometimes crafted from such durable materials as horn and 
antlers and varied in shape and length, depending upon the preference of the user and the 
situation. Digging sticks utilized in soft ground were wider and more curved than those used in 
areas of hard ground. In order to increase the hardness of the points, the ends of digging sticks 
were often subjected to some degree of charring (Boas and Teit 1985; Kirk and Daugherty 
1978; Ray 1932). Hunn describes the traditional digging stick as "a simple lever ... curved so 
that modest downward, then backward pressure on the handle loosens the rocky matrix that 
holds the roots" (1009:210). 
The containers used to collect and carry the roots were predominantly the baskets and 
woven bags created during the more sedentary months of winter. Ray describes the use of such 
containers among the Sanpoil and Nesplem: "Small coiled or bark picking baskets were carried 
at the belt on the left side, where they would not interfere with the work of digging. When filled 
these were emptied into flexible bags of willow bark or Indian hemp, to be carried to camp at the 
end of the day" (1932:98). 
Estimates of the quantities of roots gathered by an individual in a single day vary, but it 
is generally agreed that an entire day of harvesting could net a substantial quantity of roots. 
Ethnographic descriptions place the average daily rate of harvest at approximately one bushel of 
roots, obtained from covering about a half an acre, for every experienced woman (Kirk and 
Daugherty 1987; Ray 1932). Similarly, based upon his time-motion studies of contemporary 
Indian women, Eugene Hunn proposes that one bushel of roots could be gathered in 7.5 hours 
( 1981 ), with one bushel considered roughly equivalent to 60 pounds of potatoes ( 1990). Thus, 
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both historic and current ethnographic evidence supports a comparable estimate for potential 
daily root harvest values. 
Each evening, the day's collection of roots was transported back to camp to be sorted 
and processed. Roots damaged during harvest were utilized immediately, and while some roots, 
such as Lomatium nudicau/e (or "Wild Celery") were always eaten raw, the majority of the 
harvest underwent some degree of processing before being either eaten or stored for future use 
(Food Resource Nutrition and Food Management n.d.b:1 ). Depending upon the crop variety and 
its intended usage, the women employed a variety of methods in order to process and preserve 
the harvested roots. 
Large quantities were dried whole by spreading out on mats in the sun or by hanging 
them on strings or in open-weave bags, while some were mashed and formed into patties before 
being dried on mats (Boas and Teit 1985; Ray 1932). A few varieties of roots were boiled and 
mashed, or mixed with dried berries and made into thick soups. One of the most common 
preparations involved baking the roots in shallow pits, with the exact method depending upon the 
type of root. In their ethnological report, Boas and Teit described the specific techniques 
employed by the Coeur D'Alene, Flathead and Okanogan Indian: 
MOsmEn roots ... were cooked as follows. Hot rocks were placed in the bottom of the 
pit and a layer of mud or wet clay spread over the top. The roots were put on top of the 
mud and covered thickly with grass. The whole was then covered with earth. An upright 
stick was left in the middle, the lower end being inserted between the rocks at the 
bottom of the pit, while the upper end protruded above the earth covering. This stick 
was pulled out, and water poured down the hole to the hot rocks. The hole was then 
plugged, and the roots allowed to steam until cooked. Black moss (Alectoria), camas, 
onions, and some other kinds of roots were cooked in the same kind of pit, but without 
steaming. Hot stones were put in the bottom of the pit, then a layer of grass, the roots, 
grass again, a layer of bark, and over all, earth. A fire was built on top, and kept 
going sometimes for two days [1985:56-57). 
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Whether baked or boiled, the resulting product was often ground into flour or pulverized 
and made into cakes. To add flavor, or to reduce the bitter flavor of such varieties as Bitterroot, 
dried berries or wild onions were sometimes added to the root paste before forming the cakes 
(Boas and Teit 1985; Greene 1976; Ray 1932). Such cakes were dried, then stored for use 
during the long winter months. 
Drying the roots, in addition to facilitating long-term storage, also had the important 
effect of reducing their weight by approximately two-thirds (Hunn 1990). This greatly reduced 
the labor involved in conveying the dried roots to distant storage facilities. Although the women 
were responsible for gathering and processing the root crops, most members of the group 
undertook the considerable task of transporting the large quantities of preserved root products to 
the winter villages. After each round of digging and processing, women, men and children 
made several trips to deposit the goods in permanent storage near winter quarters (Hunn 1990; 
Ray 1932). According to Eugene Hunn, ·A single family might have to transport over 1,500 
pounds of dried roots over distances of more than one hundred miles to add to their winter 
supplies" (1990:128). By wintertime, countless trips, from far-flung root digging grounds, would 
be required in order to stockpile a sufficient quantity of preserved roots to feed each family 
through the winter and the associated dearth of fresh foods. 
Without such measures, it would not have been possible to support the population 
during the resource-poor winter season. As Hunn asserts, ·This land would support very few 
people by hunting and gathering were it not for their stores of dried roots, salmon, berries, and 
venison prepared during many long hard days of spring, summer, and fall, then carefully cached 
in cellars (wulci) and in special basketsn (1990: 91). 
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Archaeological Evidence of Root Gathering and Processing 
Native Americans of the Columbia Plateau have continued to gather desert root crops 
into modem times. According to a cooperative study between the Confederated Tribes at the 
Warm Springs Reservation and Oregon State University, "Native foods, including wild roots, 
fruits, stems, and leaves, as well as fish and game, still form an important part of the cultural life 
of American Indians. Roots are dug from early spring through late summer" (Food Resource 
Nutrition and Food Management n.d.a: 1). Among the Yakama, "as of 1975 ... fifteen different 
roots were still being dug 'some of them in quantities sufficient for daily use as well as for feasts 
and to give away as gifts or for trades·· (Schuster 1975: 81). 
Although we have modem examples of root digging and processing, evidence of such 
activities from prehistoric times is scattered and sparse. In their report on Washington State 
archaeology, Kirk and Daugherty assert that, due to the transient nature of such sites, little trace 
of food gathering activities on the Plateau are to be expected (1978). With the exception of such 
large gatherings as those described near present-day Kittitas, Washington and Fox Valley, 
Oregon, root digging and processing commonly involved relatively small task groups utilizing 
simple tools and based in short-term collecting sites (Chatters 1986; Hunn 1990; Schuster 
1975). 
William Dancey reports the finding of certain aggregates, which indicate prehistoric root 
gathering and processing. He suggests that such sites "possibly represent camps established by 
family units in the hinterland in the spring for the purpose of harvesting and processing camas 
and other plants.· He continues, ·Elsewhere in the area uncovered features resembling earth 
ovens ethnographically reported to have been employed for steaming camas and other plants" 
(1973:124). He discusses the overall dearth of evidence for food gathering and processing sites, 
along with the trend in excavating only the larger, densely concentrated sites along the Columbia 
River floodplain. He claims that all settlement studies from the region "must be regarded as 
untested hypotheses" (1973:8). The only way to test the present hypotheses, he asserts, is to 
expand the archaeological research into the surrounding highlands. In order to correct such 
an "environmental bias," he urges the adoption of a more systematic, region-wide sampling 
method (1973:10). 
Claude Warren, in his description of plateau prehistory, also suggests a tendency 
towards excavating large winter base camps during earlier decades of plateau archaeology: 
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All aspects of the economy are not represented in the archaeological materials now 
available. This is probably due to sampling as well as to preservation. Nearly all of the 
archaeology of the Plateau has been undertaken in reservoir areas along the Columbia 
or Snake Rivers. Therefore the river orientation, which appears to be a dominant theme, 
may be over-emphasized. Yet, when sites are excavated away from the major water 
courses, the ethnographic pattern appears to be substantiated with the 'upland' sites 
being small and more limited in their archaeological assemblages (1968:43). 
The lack of evidence surrounding plant gathering and processing led to the supposition 
that the prehistoric peoples of the Columbia Plateau depended on hunting to supply most of their 
dietary needs. This general belief, which persisted for decades, is reflected in one of Richard 
Daugherty's early writings: 
Hunting and gathering peoples must be almost constantly on the move in search of food. 
The preservation and storing of food probably was not very important to these people, 
because they had no means of carrying it except on their backs. At best they could only 
cache some of the surplus food for possible emergency use [1956:51 ]. 
While some food gathering and processing sites have indeed been found, James 
Chatters argues that, "The only reliable source of information on subsistence is the remains of 
the actual plant and animal species utilized" (1986:17). It may be argued, however, that models, 
which reliably predict the potential location of such resources, may be useful tools in both 
archaeological and resource management applications. Such models may aid in conducting 
settlement pattern studies, in preserving valuable natural resources with cultural significance, 
and perhaps in locating prehistoric resource utilization sites. 
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CHAPTERV 
APPLICATIONS OF GEOGRAPHIC INFORMATION SYSTEMS 
At the most fundamental level, Geographic Information Systems (GIS) are electronic 
systems composed of hardware, software, data, and personnel (U.S. Geological Survey 2002). 
A GIS may be used to visualize, manipulate, analyze, and display large quantities of both spatial 
and tabular data, which are often assembled from very disparate sources. 
By using a GIS it is possible to explore an infinite combination of spatial relationships. 
Such analytical questions as density, intersection of features, nearest neighbors, and temporal 
changes, may be answered and visualized using a GIS. In fact, the questions that may be 
answered by a GIS are limited only by the quantity and quality of the available data, and by the 
imagination of the operator. Geographic Information Systems are becoming increasingly 
valuable tools in many fields, facilitating complex analyses, which would otherwise require far 
more time and resources to come to fruition. GIS applications are expected to increase 
significantly as escalating computing power, coupled with steady decreases in hardware and 
software costs, make GIS available to a much wider user base (Natoli 2001 ). 
Plant Ecology Models 
One area of research that has witnessed a growth in GIS applications is that of plant 
ecology. In particular, with recent improvements in computing capabilities and in GIS software, it 
has now become feasible to create spatially-based models of microclimates and potential 
distributions of specific plant communities. Predictions of biotic distributions may be made by 
employing such fundamental abiotic factors as insolation, topology and soils (Saving, Rich and 
Smiley 1993). 
While many biotic factors, such as dispersal mechanisms, resource competition and 
disturbances, also play vital roles in determining actual species distribution, readily measured 
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and understood physical characteristics such as insolation, topology and soils still serve as 
viable indicators of potential species distribution (Saving, Rich and Smiley 1993}. 
Archaeological Predictive Models 
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Archaeological predictive modeling has its origins in the settlement studies that were first 
conducted during the 1950s and 1960s by Gordon Willey, Julian Steward, and others. These 
early studies generalized utilized an inductive approach, and were not typically grounded in 
theoretical research. With the continued development of settlement studies, subsequent 
decades witnessed a shift in emphasis from the study of the minutia of single archaeological 
sites, to recognizing the patterning of sites distributed across whole regions (Dalla Bona 1994; 
Kohler and Parker 1986}. 
Along with an increased focus upon a regional approach, came an interest in 
synthesizing the data from known sites into a model that would help to predict the location of 
unknown sites. Fundamentally, such models are "based on the simple assumption that pattern 
exists in the places where people locate their activities, camps, or settlements in the landscape" 
(Kvamme 2000). With the inception of archaeological predictive models, the discipline began 
the transition from "a basically descriptive stage to a stage in which true explanation is 
attempted" (Sebastian and Judge 1988:3). 
With an expanding bank of data upon which to draw, archaeologists turned to computers 
in order to process and analyze larger quantities of data in increasingly complex applications. 
As before, the models were predominantly based upon inductive reasoning, whereby 
conclusions are based upon generalizations drawn from specific data. 
As research in predictive modeling increased throughout the 1980s, the focus turned 
towards applications in Cultural Resource Management (CRM), while its role in settlement 
pattern studies steadily declined (Dalla Bona 1994; Kvamme 2000). One reason for the 
heightened use of predictive modeling in the United States stems from the fact that 
archaeologists in this country are almost entirely limited to performing surveys and excavations 
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on publicly owned lands. Faced with an archaeological information base constrained by 
legally imposed boundaries, archaeologists have employed predictive models in an effort to 
apply generalizations from available data to wider regions (Stancic and Kvamme n.d.). 
While predictive modeling migrated increasingly towards applications in CRM, it also 
moved into the realm of Geographic Information Systems. In many ways this was a logical step 
from the earlier computer-based models, and made sense for the archaeologist who traditionally 
employed paper topographic maps as key instruments in predicting site locations. Clearly GIS, 
with its ability to combine multiple spatial and tabular variables, could serve as an enhancement 
in the development of archaeological predictive models (Clement et al. 2001; Dalla Bona 1994; 
Martin 1999; Kvamme 2000). David Powell, in his report on an archaeological predictive model 
for Yakima and Klickitat Counties, describes the benefits of such a blending of techniques and 
technology: "Archaeological predictive models offer a means to stratify the landscape into areas 
of higher and lower probability of containing archaeological resources. Geographical Information 
Systems (GIS) can be used to create objective models across a large landscape .. ." (1997:1). 
Luke Dalla Bona describes an interesting aspect of many of the predictive models 
developed to date: 
There seems to be a fixation to create one model to explain everything 
as if one magic set of variables could predict all site types in all time periods. At one 
level, it is recognized that many different factors influenced site location through time just 
as different factors influenced the location of different site types. Perhaps controlling for 
many factors including changes in physical geography, climate, flora and fauna, cultural 
groups and technology proves too formidable a task for archaeologists working under 
tight budgets and/or strict mandates. Whatever the reason, the majority have developed 
predictive models that encompass all prehistoric time periods and all site types 
(1994:15). 
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In addition, although he accepts the validity of applying advanced statistics in 
predictive modeling, Dalla Bona questions the usefulness of such models if they are too 
complicated to verify or replicate (1994). Following the lines of this argument, Stanfi~ and 
Kvamme, in their report on settlement pattern modeling of Bronze Age hillforts in Croatia, have 
suggested that often simple Boolean overlays of relevant variables may be employed to produce 
a viable and easy to understand model (n.d.). 
According to Kohler and Parker, "Predictive locational models attempt to predict, at a 
minimum, the location of archaeological sites or materials in a region, based either on a sample 
of that region or on fundamental notions concerning human behavior" ( 1986: 400). The 
difference between the two modeling approaches-inductive versus deductive-mentioned 
above, reflect an ongoing debate within the field of archaeology with regards to the relative worth 
of each. An inductive model is, in essence, a means of synthesizing quantities of data in order 
to make generalized conclusions about the nature of the system being studied. Conversely, 
deductive modeling begins with general assumptions concerning human behavior, and predicts 
specific patterns based upon expected locational decisions in relation to environmental variables 
(Dalla Bona 1994; Kohler and Parker 1986; Kvamme 2000; Sebastian and Judge 1988; Stanf~ 
and Kvamme n.d.). 
Although some archaeologists agree that both modeling approaches offer a viable 
solution, depending upon the situation, others are fast to jump to the defense of their chosen 
method, spuming that of the other camp. Kenneth Kvamme refers to the inductive approach as 
"far superior" (2000: 1 ), and argues that inductive models are more effective. Sebastian and 
Judge, while not negating the worth of inductive models, suggest that explanatory, or deductive, 
models "are central to whatever value archaeology as for society as a whole" (1988:6). They 
continue the comparison by stating that inductive models are only applicable under the exact 
conditions under which they are produced, while deductive models may be applicable over wider 
systems (1988). 
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Regardless of the preferred approach, predictive modeling has added a new 
dimension of analysis to archaeology. When constructed within the functionality of a geographic 
information system, such models have the potential to factor in multiple variables, creating 
complex analyses which are applicable across both time and space. However, in order to 
effectively utilize the power of a GIS, it will be necessary to convert existing data to a digital 
format. Some of today's archaeologists, such as the Bureau of Land Management archaeologist 
Dan Martin, view the task of automation as a fundamental priority--necessary if archaeology is 
to function within the modem era of technology (1999). 
CHAPTER VI 
THE DESERT ROOT MATURATION MODEL 
The Pilot Project 
In 1995, while working as a Graduate Assistant at Central Washington University, I 
gained my first exposure to insolation modeling with GIS when Dr. William C. Smith hired me to 
produce a series of solar energy maps. He was involved in an archaeological project at the 
Flying D Ranch in Montana, and a portion of the modeling he was developing for the project 
involved insolation data, generated with the use of a GIS program called r.sun (Smith 1995). At 
Dr. Smith's request, I produced a series of solar energy maps using the r.sun program within the 
Geographic Resources Analysis Support System (GRASS), an open-source raster-based GIS 
software system. Originally written in the 1980s by the U.S. Army Construction Engineering 
Research Laboratories, GRASS is a raster-based software, in which data is represented as a 
rectangular grid of cells, each of which contains a single value (GRASS Development Team 
2002). 
This introduction to GIS modeling with an insolation component planted a seed, which 
eventually grew and took the form of a preliminary desert root crop maturation model. I 
envisioned such a model as the fitting culmination of my primary educational interests: 
Archaeology and Cultural Resource Management; Geographic Information Systems; and Natural 
Resource Management. It also found its roots in a long-held passion for gardening and making 
things grow. Such a model would utilize a GIS to predict probable growth patterns of certain 
plants, which could be viewed both as natural and cultural resources. 
After some preliminary research, I determined that I would attempt to model the 
maturation rates of specific types of desert root crops that played an essential role in the diets of 
the Mid-Columbia Plateau Indians. The primary plant species that I have selected is lomatium. 
Several other widely utilized plants, such as bitterroot, balsamroot, yellowbells, and wild onions 
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also grow in "close association· with lomatium (Uebelacker 1984:151), so I did not restrict my 
model to one genus only. 
The first step of the pilot was to produce the insolation map for the study area, which 
initially covered only one quadrangle. Within GRASS, I generated slope and aspect maps from 
the DEM quadrangle. Both the slope and aspect maps were needed as input for the r.sun 
program, and the slope map was to be factored into the final model. I then used the r.sun 
program to create the solar energy map, and exported the resultant raster data for use in 
Environmental Systems Research lnstitute's (ESRI) Arc/Info, which was at that time my GIS 
software of choice. Within Arc/Info's Grid extension, I reclassified the insolation data, grouping 
the values into seven ranges in order to simplify the data for input into the final model. 
Also within the Grid extension, I reclassified the raster slope coverage to include only 
those slopes at or below an acceptable gradient. At this time I selected 15 percent slope. 
However, I have·since conducted further research and have hiked several locations within the 
Mid-Columbia Plateau on archaeological field schools under Dr. William Smith and Professor 
Barbara Bicchieri. Based upon new information and my observations in the field, I have since 
expanded the model to include slopes up to 30 percent. 
The next step in producing the model involved selecting the soil types that were suitable 
for the chosen plant varieties. Aware of his experience with the geography and resources within 
Yakima County, I met with Dr. Morris Uebelacker, who located several patches of desert roots 
on aerial photographs from the hardcopy of the Yakima County Soil Survey. By comparing the 
known root grounds to the soil survey, we were able to produce a list of appropriate soil types, 
which could then be adapted to include other comparable soil classifications. The soil types 
deemed suitable for desert root crop growth are lithosols, and are predominantly cobbly or 
gravely loams. Using the Yakima County Soil Survey digital data as a base, I then created a 
vector coverage in Arc/Info containing only lithosols. 
At this stage in the model I now had two raster coverages (insolation and slope), which 
must be combined with the vector lithosols coverage. In order to bring all coverages into one 
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data format, I generalized the raster data, then imported the results into the Arc extension of 
Arc/Info. (In the final model I reversed this process and rasterized the one vector coverage, 
allowing it to be used within lntergraph's GeoMedia Grid GIS software along with the other raster 
data layers.) 
Once all three model components were in one format, I then proceeded to integrate the 
data into one comprehensive model. First, I selected for the highest ranges of solar energy, and 
intersected this data with the lithosols and the low slope coverage to produce an early root 
maturation coverage. The middle and lowest values of insolation were likewise intersected with 
lithosols and low slopes to create middle and late season root maturation coverages, 
respectively (Phillips 1997). 
Although, I was reasonably satisfied with the results of the pilot model, there were 
several shortcomings that I would later try to address. First of all, the constant need to translate 
data, from one GIS software or extension to another, was awkward. Because the data used in 
this model came from various sources and in a variety of formats, a considerable amount of 
conversion was required. I have, however, found this to be a common theme in many GIS 
projects. I streamlined this process in the final model by utilizing lntergraph's GeoMedia 
Professional GIS software and the GeoMedia Grid extension. GeoMedia handles other data 
formats and projections very readily, which is one reason that I now make it my GIS software of 
choice. Another shortcoming in the original model, which I realized after further research, was 
the complete disregard for the role that elevation plays in plant maturation rates. Finally, the 
pilot utilized insolation values that were calculated only for the vernal equinox. By taking 
insolation values from that date, I extrapolated that high values would encourage early growth, 
while lower values would produce slower maturation rates. While this is true to some extent, I 
failed to factor in the insolation values for winter and summer, which would truly affect the 
earliest and latest root growth. Thus, while the pilot model utilized the necessary data 
components and proved to be a valuable learning experience, it could not adequately predict the 
growth patterns of desert roots. 
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The /#lode/ Components 
lnsolation. Incoming solar radiation, or insolation, is the fundamental source of energy 
on Earth's surface, driving such processes as weather patterns and plant production. The 
amount of solar radiation intercepted at a given spatial location, is however, strongly influenced 
by surrounding topography. Such influences lead to a high degree of heterogeneity in local 
levels of insolation, which in tum impact local climate and natural processes (Hackenberger et al. 
2000; Rich et al. 1994; Rich and Dubayah 1994; Smith 1995). Because solar energy is such a 
critical determinant of microclimatic conditions, and thus of potential biotic development, one of 
the primary factors in the desert root maturation model is the calculated value for insolation. 
At a macro level, the intensity of solar radiation is primarily dependent upon the angle at 
which the sun's rays encounter the surface of the earth on a given day at a specific time. On a 
micro scale, however, computing incident solar energy requires consideration of the complex 
interaction of such variable factors as local surface orientation, sky obstruction or shadowing by 
surrounding topographic features, and atmospheric conditions (Dubayah and Rich 1996). 
Specifically, Ralph Dubayah and Paul Rich cite three sources of illumination on a surface that 
are determined by topography: (1) direct irradiance, which includes self-shadowing and 
shadows cast by nearby terrain; (2) diffuse sky irradiance, where a portion of the overlying 
hemisphere may be obstructed by nearby terrain; and (3) direct and diffuse irradiance reflected 
by nearby terrain toward the location of interest (1996:129). Therefore, a valid model must 
calculate insolation at a specified spatial location by integrating all three radiation components 
over a given temporal interval. 
Although reasonably well understood, modeling such processes has long proved 
problematic. With recent advances in computing capabilities in both computer hardware and 
software, considerable advances have been made in the development of solar radiation models. 
The past decade has witnessed the development of a succession of sophisticated, GIS-based, 
spatio-temporal insolation models (Rich et al. 1994). It should be noted, however, that even the 
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most advanced of these models are not designed to predict short-tenn variations in incoming 
solar radiation, but rather average daily and seasonal patterns (Fu and Rich 1999). 
R.sun was the first of the GIS-based insolation models to make an appearance. Jaroslav 
Hofierka and Maros Zlocha developed the original version of r.sun at Comenius University in 
Bratislava, Slovakia. Hofierka later adapted the program for use in GRASS, leading the way for 
r.sun's use in ear1y spatially-based microclimatic models (Center for Applied Geographic and 
Spatial Research N.d.; Smith 1995). While r.sun computed direct irradiance and incorporated 
the shading effect of surrounding terrain, it failed to account for reflected irradiance or the 
anisotropy of diffuse irradiance (Dubayah and Rich 1996). In addition, as Environmental 
Systems Research lnstitute's (ESRI) ARC/INFO GIS software became the de facto standard in 
the GIS community during the 1990s, GRASS experienced a decline in popularity and thus 
relegated the use of r.sun to those few GIS analysts that still utilized this first-generation GIS 
software. 
Responding to a perceived need for a more precise (and more readily accessible) 
model, Paul Rich and Ralph Dubayah collaborated in the conception of a new GIS-based 
insolation program. With the assistance of several students, notably William Hetrick and Shawn 
Saving, Rich and Dubayah set about creating SOLARFLUX, a public domain software 
compatible with ESRl's ARC/INFO and GRID that "models incoming solar radiation based on 
surface orientation (slope and aspect), solar angle (azimuth and zenith) as it shifts over time, 
shadows caused by topographic features, and atmospheric conditionsn (Rich et al. 1994:1). In 
particular, SOLARFLUX stepped beyond the capabilities of r.sun by incorporating a 
hemispherical viewshed algorithm originally developed by Rich (Rich et al. 1994). Using digital 
elevation models and user-defined values of longitude and latitude for the study area, along with 
a specified time interval, SOLARFLUX "calculates five basic types of output: 1) total direct 
radiation, 2) duration of direct sunlight, 3) total diffuse radiation, 4) skyview factor (proportion of 
unobscured sky), and 5) hemispherical viewsheds of sky obstruction for specified surface 
locationsn (Rich et al. 1994:3). 
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Building upon his success with SOLARFLUX, Paul Rich went on to collaborate with 
Pinde Fu in the design of a new GIS-based solar radiation model. Moving away from the 
expensive, high-end ARC/INFO, the Solar Analyst is based in ESRl's ArcView GIS software, and 
is therefore more accessible to a wider set of users. In addition, the Solar Analyst's user-friendly 
interface makes it a viable resource for more casual GIS users wishing to perform analyses in 
which solar radiation plays a role. Like SOLARFLUX, the Solar Analyst requires only simple 
input, and calculates a variety of output values, specifically "direct, diffuse and global radiation; 
direct radiation duration; skyview factor; sunmaps and skymaps; and viewsheds" (Helios 
Environmental Modeling Institute, 2000: 1 ). The Solar Analyst incorporates finely tuned 
algorithms, and was validated by comparing calculated values with detailed insolation values 
monitored near the Rocky Mountain Biological Laboratory (Fu and Rich, 1999). 
The Solar Analyst is used to produce a raster map in which each grid cell is given a 
calculated value for the total solar radiation intercepted by the given cell and integrated over the 
duration of a specified day. Of particular interest to the root maturation model are the values 
calculated for global solar radiation, which is the sum of the values obtained for diffuse and direct 
radiation. While aspect maps have often been used in GIS models to show the approximate 
level of sunlight that a given area receives, the global radiation value produced by Solar Analyst 
provides a much more accurate depiction of the actual solar radiation that a given cell receives 
during a specified day. In fact, according to statistical analyses conducted by Rich and Fu, 
"There does exist some cases when north facing slopes can receive more insolation than south 
facing slopes. So there are potential errors in the simple grouping of aspect and slope" 
(1999:24). 
For this particular application, dates for the winter solstice, the vernal equinox, and the 
summer solstice are input within the Solar Analyst software, along with additional requisite data, 
in order to obtain solar radiation levels for the study area at the commencement of each season. 
Dr. Robert Hickey at Central Washington University utilized the Solar Analyst software, within 
Arcview Version 3.2, to produce the necessary raster insolation maps, which are then utilized 
as primary components in the final root maturation model. 
Digital Elevation Models. The Digital Elevation Model constitutes one of the most 
essential data types utilized in the root maturation model. Produced by the United States 
Geological Survey (USGS), "Digital elevation model (DEM) data are arrays of regularly spaced 
elevation values referenced horizontally either to a Universal Transverse Mercator (UTM) 
projection or to a geographic coordinate system" (U.S. Geological Survey 2000: 1 ). At present, 
the USGS produces DEM data by extrapolating a continuous surface from the contour lines 
present on the published 7.5--minute topographic maps (U.S. Geological Survey 2000). 
37 
From a single DEM quadrangle it is possible to compute a wide variety of terrain-related data 
layers, such as slope, aspect, shaded relief, viewsheds and watersheds. For the root maturation 
model, ten-meter DEM data for a study area composed of six quadrangles from the United 
States Geological Survey (USGS) was downloaded from a Washington State online data 
repository (http://wagda.lib.washington.edu/default.html) and converted for use in the Solar 
analyst software and in lntergraph's GeoMedia Professional and GeoMedia Grid GIS Software. 
Soil Survey Data. The practice of conducting soil surveys in the United States was 
officially sanctioned by the U.S. Department of Agriculture in 1896, when funds were authorized 
"for an investigation 'of the relation of soil organic life' and 'of the texture and composition of soils 
in field and laboratory'" (Soil Survey Division Staff 1993:1). A soil survey provides information as 
to the characteristics of the soils within a specific area, and determines the class of the soils that 
are present based upon a standardized classification system. One product of a soil survey is a 
series of maps upon which the soil polygon boundaries are delineated. With the introduction of 
aerial photographs to the soil survey in the 1920s, the precision of these boundaries was greatly 
enhanced. The surveys gained a more centralized element of control in the 1930s, under the 
auspices of the newly formed Soil Conservation Service (now the National Resource 
Conservation Service) (Soil Survey Division Staff 1993:1). 
In order to increase accessibility and facilitate their use in GIS applications, the 
National Resource Conservation Service (NRCS) is gradually converting the hardcopy maps 
from the original soil surveys into digital format. They have also made the descriptions of the 
official soils series available online (http://ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi). 
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Three separate soil survey data coverages were used in this model. Mike Neer, at the 
Kittitas County GIS Department, provided the Kittitas Area Soil Survey r,NA637) data, in an 
ArcView shape file format. The Sunnyside NRCS office supplied the Yakima County Soil Survey 
r,N A677) data in an Arc/Info export file format. A large area in the Northwest comer of the study 
area remained empty, however, until Dr. Nancy Hultquist enlisted the assistance of Chas 
Scripter, a GIS Specialist in the Spokane NRCS office. Chas emailed a shape file from the 
Wenatchee National Forest Naches Area soil survey (WA680) that covered the majority of the 
hole. In addition, he emailed an image of the final missing piece, which, once registered to 
match the other soil survey data, provided a backdrop for onscreen digitizing of the absent soil 
polygons. 
The Study Area 
The study area for the root maturation model is comprised of six 7 .5-minute topographic 
quadrangles: Hudson Creek, Manastash Creek, Manastash Lake, Milk Canyon, Nile, and Wenas 
Lake (Figure 9). The study area, which I will also refer to as the Manastash-Wenas-Naches 
region, lies approximately 25 miles northwest of Yakima and straddles the border between 
Kittitas and Yakima Counties (Figure 10). The large water features found within this area include 
the Naches River, Hudson Creek, Manastash Creek, Manastash Lake, Nile Creek, Umtanum 
Creek, and Wenas Lake. 
I had several reasons for selecting this area for the maturation model, the first 
consideration being the completeness of the data coverage for this area. Through several 
different channels and sources I was able to compile a complete set of the requisite data for the 
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Figure 9. Study Area Vicinity Map 
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Figure 10. Study Area Map 
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Yakima Training Center (YTC). Developing a collaboration with YTC land managers proved 
difficult and data-particularly soil survey data-presented several hurdles. The training center 
had originally looked promising due to an extensive archaeological inventory, and in part 
because the land was relatively undisturbed. 
The Manastash-Wenas-Naches (MWN) study area is an ideal alternative to the YTC 
study area for several reasons. Archaeological inventory in the area has been more limited and 
some settlements have encroached upon the margins of this area. However, the archaeology of 
the upland drained by Manastash and Wenas Creeks hold great promise and most of the area is 
relatively untrammeled. The study area includes four drainages: Manastash Creek, the Upper 
Umptanum, most of the Wenas Creek basin, and a segment of the Naches River. New digital 
data, the nature of the area's topography and soils, and a pattern of land management by 
multiple agencies also recommend the area for study. 
Archaeological inventories have been initiated for both BLM and Washington State DNR 
lands within the study area. However, the vast majority of the MWN area, and the uplands 
adjacent to the Wenas Creek in particular, have not been examined by archaeologists. The 
archaeological signatures of plant gathering and hunting in these uplands have not been 
adequately evaluated in this or other similar study areas. The potential for this area is 
considerable, however. Spring sites with ground-stone tools may reflect root processing 
activities at multi-family base camps or may represent more specialized camps for family based 
task groups. Talus pit sites may include hunting blinds and/or caches for plant foods and 
associated tools. Strategies for expanding upland archaeological inventories and sampling sites 
for evaluation in areas such as the MWN will have to develop concurrently with more 
sophisticated resource and subsistence models. 
Figures 11 through 16, which consist of orthophotos produced by the USGS and 
downloaded from the Washington State Data Repository (located at 
http://wagda.lib.washington.edu/default.html), depict the open and undeveloped nature of this 
area. These photos were all taken between 1998 and 2000, therefore providing an excellent 
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opportunity to view the area under current conditions. Selecting an area that has not 
completely fallen to prey to agriculture and housing developments, allows for an opportunity to 
test the results of the model in conditions that more near1y correspond to the recent prehistoric 
times during which these root foods were widely harvested. In addition, these lands may still be 
utilized by members of the Yakama Indian Nation, thereby providing a possible ethnographic 
source of information for future model validation efforts. 
Finally, substantial portions of the Manastash region are under the jurisdiction of such 
agencies as the Bureau of Land Management, the Department of Fish and Wildlife, the 
Department of Natural Resources, and the National Forest Service. This is advantageous for 
two reasons, both of which are relevant to model verification and refinement efforts. This is first 
and foremost a logistic consideration, since in most situations it is far easier to gain access to 
public lands for field studies. Additionally, multi-agency jurisdiction lends the potential for a 
cooperative effort in any future attempts to test and refine this model. 
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Figure 11 . The Manastash Lake Quadrangle 1998 Orthophoto 
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Figure 12 - The Hudson Creek Quadrangle 1998 Orthophoto 
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Figure 13. The Manastash Creek Quadrangle 2000 Orthophotos 
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Figure 14. The Nile Quadrangle 1998 Orthophoto 
47 
Figure 15. The Milk Canyon Quadrangle 2000 Orthophotos 
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Figure 16. The Wenas Lake Quadrangle 2000 Orthophotos 
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The Modeling Process 
The first component of the model, the USGS 10-meter DEM data layer, was utilized in 
several key processes, beginning with the development of the insolation maps. Each of the 
study area insolation maps, provided by Dr. Robert Hickey, comprise a continuous raster surface 
exhibiting values of solar energy expressed in KWh/m2• For each of the days modeled (the 
winter solstice, the vernal equinox, and the summer solstice), the Solar Analyst software created 
three raster maps: diffuse radiation; direct radiation; and global radiation, which is the sum of 
the preceding two maps. Although the diffuse and direct radiation maps provide a useful 
distinction between the two types of energy impacting a given surface, the global radiation map 
contributes the values needed as input to the root maturation model. 
Since the insolation maps were produced within the Solar Analyst plug-in for ArcView, 
they were initially exported as Arc/Info grids. This is where I encountered my biggest hurdle in 
the modeling process. Although the files opened in ArcView Version 8.2 (of which I have a 
demonstration copy), after running through the Solar Analyst software they had been stripped of 
their projection information, making them incompatible for use with any projected data within 
ArcView, and rendering them unsuitable for import into GeoMedia Grid. Although GeoMedia 
Grid and ERMapper (which I tried as well) can import a variety of raster data types, they cannot 
import data files that do not possess projection definitions. At this point I tried several 
workarounds, even resorting at one point to registering the data as tiff images in GeoMedia, but 
this process allows too much opportunity for error, so I abandoned it as an unacceptable 
alternative. Finally, I struck upon a two-part solution that worked. For each of the insolation 
maps, I created projection (.prj) files that matched those of the original DEM mosaic that was 
used as input to the Solar Analyst program. I then opened the files in ArcView and exported 
each map as a Geo Tiff, a format that works quite well in GeoMedia. That problem solved, I was 
able to move on to the modeling process. 
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The range of values for each of the three global radiation maps was as follows: 17-
1151 KWh/m2 for the winter solstice; 76-4297 KWh/m2 for the vernal equinox; and 295-6972 
KWh/m2 for the summer solstice. Mean values for the three maps, which clearly indicate 
substantial seasonal variations in insolation, are as follows: 401 KWh/m2 for the winter solstice; 
2845 KWh/m2 for the vernal equinox; and 5894 KWh/m2 for the summer solstice. For 
visualization purposes, I first reclassified the insolation maps into equal intervals of 500 KWh/m2. 
By using the same colors for displaying comparable values across all three insolation maps, the 
difference in solar energy during the three seasons becomes readily apparent (Figures 17-19). 
For modeling purposes, I reclassified each insolation map into Low, Middle, and High 
groups (Figures 20-22). For the reclassification process I used a demonstration copy of the 
ArcView Spatial Analyst plug-in because it offered an excellent feature that is not yet available in 
GeoMedia Grid. This option allowed me to reclassify the insolation maps into quantiles, in which 
each non-null class has the same number of values (Figures 23-25). Because each group of 
values-low, medium, and hig~II cover the same number of cells, at first glance these 
reclassified insolation maps look the same. Upon closer examination, however, there are 
distinctions in the patterning of solar energy between seasons. 
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Figure 17. Winter Solstice Global lnsolation Map of Study Area 
(Values shown are in KWh/m2) 
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~ Null Values 
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Figure 18. Vernal Equinox Global lnsolation Map of Study Area 
(Values shown are in KWh/m2) 
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~ Null Values - 2001-2500 4501..5000 
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Figure 19. Summer Solstice Global lnsolation Map of Study Area 
(Values shown are in KWh/m2) 
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Low I nsolation - - - High lnsolation 
Figure 20. Reclassified Winter Solstice Global lnsolation Map of Study Area 
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Low I nsolation - - - High lnsolation 
Figure 21. Reclassified Spring Solstice Global lnsolation Map of Study Area 
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Low lnsolation - - - High lnsolation 
Figure 22. Reclassified Summer Solstice Global lnsolation Map of Study Area 
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Figure 23. Quantile Reclassification for Winter lnsolation 
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Figure 24. Quantile Reclassification for Spring lnsolation 
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Figure 25. Quantile Reclassification for Summer lnsolation 
















From this point forward, I performed all aspects of the modeling within GeoMedia 
Professional and the GeoMedia GRID extension. The next few model 
components all stemmed directly from the original 10-meter DEMs that I downloaded from the 
Washington State data repository located at http://wagda.lib.washington.edu/default.html. Using 
the mosaic function with the interpolate gaps option selected, I first constructed a continuous 
raster surface depicting elevation for the entire study area (Figure 26). Building upon this base, I 
next produced a shaded relief, which, although not necessary for the model, greatly enhances 
the ability to visualize the type of terrain present within the study area (Figure 27). As this map 
illustrates, the selected area is characterized by numerous ridges, deeply incised by branching 
gullies. 
Incorporating a feature that was certainly lacking in the pilot model, I next separated the 
elevation coverage into three divisions, in order to account for the major impact that elevation 
has upon the maturation rates of lomatium and its companion plants. The elevation values for 
the study area, which range from 455 meters to 1857 meters, I divided into three equal-interval 
groups in order to model the progression of root maturation across three periods: late 
winter/early spring; spring; and summer (Figure 28). 
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Lowest Elevation Values - - - - - - Highest Elevation Values 
Figure 26. Elevation Map of Study Area 
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Figure 27. Shaded Relief Map of Study Area 
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• Lowest Elevation Group - Mid-Range Elevation Group - Highest Elevation Group 
Figure 28. Reclassified Elevation Map of Study Area 
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The last elevation-dependent component that I created was the slope coverage. The 
initial data layer consists of the complete range of slope values, given in percentages (rise/run) 
for the entire study area (Figure 29). As the slope map clearly depicts, there are large areas 
wherein slope values are very high, indicating steeply inclined terrain. Because the selected 
plants would not successfully grow on very steep slopes, I reclassified the slope coverage to 
include only those grades at or below 30 percent (Figure 30). While it is true that lomatium and 
other root crops may be found on greater inclines, it is doubtful that they would be found in any 
great quantities, and such grades would make harvesting attempts more difficult. I found no 
reference to indicate at what slope growth becomes overly sparse or at what point the plants 
cease to find purchase. More precise values would require a field study, which is outside the 
scope of this project. 
Lithosols comprise the last model component. In order to produce a complete soil 
survey coverage for the study area, I combined the soil data from all three sources into one 
complete data layer (Figure 31 ). Using the soil types that I selected for the pilot model under the 
guidance of Morris Uebelacker, I broadened the list of lithosols by including additional types from 
the study area that followed the same basic characteristics. I then performed an attribute query, 
selecting for those soil classifications that qualified as lithosols (Tables 3 and 4 and Figure 32). 
Because the soils data is in vector format, I then rasterized the feature to allow for its use within 
the GRID extension. 
One need only glance at the lithosols map to conclude that this area is composed 
primarily of lithosols. This makes the region a favorable location for harvesting lomatium. The 
large variety of lithosols associated with different slopes, aspects and elevations will help add 
fine-grained field verification of maturation predictions and habitat model results. 
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Lowest Slope Values - - - - Highest Slope Values 
Figure 29. Slope Map of Study Area 
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• Slope Values at or Below 30 Percent 
Figure 30. Reclassified Slope Map of Study Area 
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D Kittitas County Soils ~ Naches Forest Soils D Yakima County Soils 
Figure 31. Soil Map of Study Area 
Table 3. Lithosol Soil Types for the Study Area 
(Adapted from NRCS Soil Survey Digital Data) 
AINSLEY GRAVELLY SANDY LOAM 
BOCKER VERY COBBL Y LOAM 




MCDANIEL VERY STONY LOAM 
MCDANIEL-ROCK CREEK COMPLEX 
MEYSTRESTONYLOAM 





BRICKMILL COBBLY LOAM 
BRICKMILL GRAVELLY LOAM 
CARMACKCOBBLYLOAM 
CLINT STONY LOAM 
CLINT VERY STONY LOAM 
CLINT-RUBBLELAND COMPLEX 
DARLAND STONY LOAM 
GORST COBBLY LOAM 
JUMPE STONY LOAM 
JUMPE-ROCK OUTCROP COMPLEX 
KIONA STONY SILT LOAM 
LICKSKILLET VERY STONY SILT LOAM 
LOGY COBBLY SILT LOAM 
LONERIDGE STONY LOAM 
NAXING STONY LOAM 
ODO COBBLY LOAM 
ODO COBBLY SILT LOAM 
ROCK CREEK VERY STONY SILT LOAM 
ROCK CREEK-CLINT-SIMCOE COMPLEX 
ROCKCREEK VARIANT VERY COBBLY LOAM 
ROCKCREEK VARIANT-CLINT-SHUSHUSKIN COMPLEX 
RUBBLELAND-ROCK OUTCROP COMPLEX 
SAPKIN VERY STONY LOAM 
SAPKIN-RUBBLELAND COMPLEX 
SAYDAB COBBLY LOAM 
STARBUCK-ROCK OUTCROP COMPLEX 
STEMILT VARIANT VERY GRAVELLY LOAM 
SUTKIN STONY LOAM 
SUTKIN VARIANT STONY LOAM 
SUTKIN-ROCK OUTCROP COMPLEX 
TEKISON STONY LOAM 
TERENCE STONY SANDY LOAM 
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Table 4. lithosol Primary Soil Series with Associated Taxonomic Classification 
(Data from National Cooperative Soil Survey 2002) 
PRIMARY SOIL SERIES TAXONOMIC CLASS 
AINSLEY Clayey-skeletal, isotic Andie Haplocryalfs 
BOCKER Loamy-skeletal, mixed, superactive, frigid Lilhic Haploxerolls 
BRICKMILL Loamy-skeletal, mixed, superactive, mesic Vitrandic Haploxerolls 
CARMACK Fine-loamy, mixed, superactive, frigid Ultic Argixerolls 
CLINT Loamy-skeletal, mixed, superactive, mesie Typie Haploxerolls 
DARLAND Loamy-skeletal, isotic Vitrandic Haplocryolls 
GORST Loamy, mixed, superactive, mesic, shallow Haploduridic Durixerolls 
JUMPE Loamy-skeletal, isotie, frigid Vitrandie Haploxerepts 
KIONA Loamy-skeletal, mixed, superactive, mesic Xerie Haplocambids 
LICKSKILLET Loamy-skeletal, mixed, superactive, mesic Lilhic Haploxerolls 
LOGY Loamy-skeletal, mixed, superactive, mesie Torrifluventie Haploxerolls 
LONERIDGE Clayey-skeletal, isotic, frigid Vitrandie Palexeralfs 
MCDANIEL Loamy-skeletal, mixed, superactive, mesic Vitrandic Argixerolls 
MEYSTRE Fine-loamy, mixed, superactive, mesie Ultic Argixerolls 
MIPPON Sandy-skeletal, mixed, frigid Fluventic Haploxerolls 
NAXING Ashy-skeletal, mixed Humie Xerie Vitrieryands 
ODO Fine-loamy, mixed, superactive, mesie Typie Haploxerolls 
ROCK CREEK Clayey-skeletal, smectitic, mesie Lilhic Mollie Haploxeralfs 
SAPKIN Loamy-skeletal, mixed, superaetive, frigid Ultie Argixerolls 
SA YDAB Ashy-skeletal, mixed Aquic Vitricryands 
STARBUCK Loamy, mixed, superactive, mesic Lithie Xerie Haplocambids 
STEMIL T Loamy-skeletal, isotie, frigid Vitrandie Argixerolls 
SUTKIN Loamy-skeletal, mixed, superactive, frigid Ultie Haploxerolls 
TEKISON Clayey-skeletal, smectitic, mesie Ultic Palexerolls 
TERENCE Loamy-skeletal, isotie Andie Dystrocryepts 
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D Study Area Soils D Study Area Lithosols 
Figure 32. Lithosols Map of Study Area 
Now that all of the model components were converted and appropriately processed or 
reclassified, I was ready to perform the Boolean overlay for all variables within each of the 
seasonal phases. I used the map calculator within the GRID extension to add the variables in 
three separate operations, creating high potential areas for root maturation in late winter/ear1y 
spring, spring, and summer (Table 5). 
Table 5. Boolean Overlay Process and Results 
Overlal Process Result 
Low Elevations + High Winter lnsolation + Lithosols + S/opes<=30% = Early Roots 
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Middle Elevations + High Spring lnsolation + Lithosols + S/opes<=30% Mid-Season Roots 
H!fl.h Elevations + H!fl.h Summer lnsolation + Lithosols + S~s<=30% = Late Roots 
The final map for the root maturation model depicts areas with the highest potential for 
root maturation during each growth season (Figure 33). Consistent with ethnographic accounts 
and the plants' growth patterns, the roots are shown to reach maturity first in the low lying areas 
which receive the highest levels of solar energy during the winter months. As the growing 
season progresses, the roots continue to mature at progressively higher elevations, maturing 
first in areas of high insolation. 
When the proportion of predicted root growth locations are compared against the entire 
study area (Table 6), the results are again consistent with the known plant growth patterns. 
Lomatium and its companion resource plants generally reach maturity only at the very end of 
winter or beginning of spring, and have typically reached maturity even at the highest elevations 
by ear1y summer. Thus, a much higher percentage of root maturation within the spring season 
(March to June) is anticipated. 
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Figure 33. Final Root Maturation Model 
Table 6. Proportion of Predicted Root Maturation Locations 











Within the study area, there are very noticeable distinctions between specific drainage 
areas. Table 7 indicates a positive or negative correlation between the drainages and desert 
root maturation within the three growth intervals. Upon examination of the final map of the 
model results, some definite patterns emerge within the drainages. The Upper Umptanum 
drainage contains the most extensive areas of early spring roots, while the flanks of Wenas 
Creek exhibit well-defined bands of early spring roots. Late root growth occurs most 





Table 7. The Relative Presence of Desert Root Growth by Drainage 
Manastash Umptanum Wenas Naches 
++ ++ 
+ + + + 
++ + ++ 
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Based upon these results and upon ethnographic research, it is possible to suggest 
some basic patterns in traditional root utilization within the study area. The most advantageous 
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position from which to harvest roots from early spring through early summer would be from 
base camps along the Naches River or, more likely, from camps along the middle sections of 
Wenas Creek. Extensive areas of middle and late summer roots could be exploited in the Upper 
Manastash, the Upper Umptanum and the tributaries of the Naches River. 
Model Verification 
CHAPTER VII 
DISCUSSION AND CONCLUSION 
The desert root maturation model described above is still in a preliminary state. 
Although it has been significantly adjusted since the pilot model-based upon information 
collected from continuing research-its validity cannot be adequately determined until it has 
been tested in the field. As a deductive model, it is based upon a synthesis of information 
concerning the growth patterns of lomatium and its companion plants, rather than on statistically 
compiled data gathered in specific locations. This potentially allows for a more regional 
application of the model, but it must first undergo a degree of validation based upon field tests. 
An appropriate field test would require the aid of a biologist or an individual familiar with 
specific species of the selected plants. In order to adequately test the model, it would be 
necessary to gather plant locations, using a Global Positioning System (GPS), across the study 
area. It would also be necessary to obtain soil samples for each of the plant locations. Plant 
locations would have to be observed periodically throughout the entire growing season, thus 
allowing for more precise determinations of the seasonal impact upon plant growth at specific 
locations. Data from the field surveys would then be entered into the GIS, enabling a statistical 
analysis of the specific variables (elevation, insolation, and soil), which would then be compared 
to the original model. The results of these tests could then be used to refine the model, 
adjusting for more specific soil types or elevation ranges. 
Although this would require a considerable commibnent of time, such field tests could be 
conducted as a cooperative effort between Central Washington University and the federal and 
state agencies charged with managing the public lands of the Mid-Columbia Plateau. 
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Potential Applications of the Mode/ 
Models predicting growth patterns of widely utilized traditional plant resources must 
eventually be integrated into holistic prehistoric settlement models for sub-regions of the 
Columbia Plateau. These efforts will be especially critical in efforts to understand the mobility 
associated with subsistence on the Mid-Columbia Plateau. People must have positioned 
themselves near sources of late winter and ear1y spring plant resources and then timed their 
spring and summer upland movements to match the maturation of the desert roots upon which 
they greatly relied. Thus predicting root gathering locations and special activity camps would 
also offer a potential for predicting base camps and possible locations for winter settlements. 
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Lomatium, bitterroot, balsamroot, yellowbells, and wild onions are still utilized by Indian 
peoples, and are viewed as essential components in the traditional cultural lifeways of the 
families of the Mid-Columbia Plateau. As defined by Morris Uebelacker, "'Cultural resources' 
involve not only the sites, buildings, structures, objects, or trash ... but also involves the 
maintenance and rejuvenation of cultural places like camas meadows, huckleberry fields, 
hunting areas and camps, and bitterroot grounds" (1984:7). Thus, these vital plant resources 
may be deemed cultural resources, or traditional cultural properties, and as such warrant 
protection. Once the model has been tested and refined, it could serve as a management tool for 
the agencies acting as guardians of publicly owned land. For these agencies there is still time to 
implement policies to protect the culturally significant plant resources whose locations may be 
predicted by the root maturation model. 
Finally, plant maturation models such as the desert root maturation model could be 
developed to predict both areas with (1) Significant winter range and/or (2) Areas with higher 
density of game in ear1y spring game. According to Bailey et al. (1985), such a "greening-up" 
model would indicate areas where herd animals would gather in the ear1y spring. "The relatively 
highest concentration of ungulate female with young would also be attracted to areas where 
green forbs began to mature at the earliest times" (Hackenberger et al. 2000: 11 ). 
These animals were also a significant part of the traditional Plateau diet, and as such played 
an important role in determining the prehistoric people's seasonal rounds. Therefore, by 




The primary objective of this project is the development of a GIS-based maturation 
model for specific species of desert plants, which were traditionally utilized on the Columbia 
Plateau. Rather than an all-encompassing predictive model, attempting to model several types 
of cultural behaviors across expanses of both time and space, this model concentrates on a 
particular cultural resource which was associated with a specific activity. 
The Columbia Plateau-a large physiographic region covering more than 50,000 square 
miles-is predominantly situated on a base of Columbia River Basalts, which are blanketed by 
sediments or loess. Defined as an arid shrub steppe, modem climatic conditions within the 
region are characterized by seasonal extremes and low precipitation. 
Such environmental conditions greatly influenced the lives of the mobile foragers and 
collectors who inhabited the region for millennia. The peoples of the Mid-Columbia Plateau 
timed their seasonal movements in order to optimize the exploitation of key resources. Although 
dependent upon fish and game for a substantial portion of their dietary needs, the Mid-Columbia 
Indians relied upon plant foods to supply the majority of their daily caloric requirements. Of the 
plants traditionally utilized, several species of the Lomatium genus served as a substantial 
source of both greens and roots and were used for various medicinal purposes. Harvesting 
these plants was a labor-intensive process and required extensive knowledge of the plants' 
growth patterns. 
Lomatium-a hardy perennial forb-thrives in lithosols, or stony silt loams, in areas 
receiving maximum solar energy. It matures earliest in the late winter or early spring months, 
and continues to reach maturity at successively higher elevations until early summer. Lomatium 
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shares its growth patterns with several other key resources, such as bitterroot, balsamroot, 
yellowbells, and wild onion, thus allowing for simultaneous utilization during prime maturation 
periods. Because the optimal harvest window is very finite at any given location, traditional 
collectors were required to time their seasonal movements very carefully in order to maximize 
plant procurement. Although harvesting sufficient plant resources required a considerable 
commitment of time and effort, such activities left little trace in the archaeological record. Thus, 
a GIS model predicting probable locations for desert food plants would serve as a valuable 
spatial indicator of such traditional resource exploitation. 
The desert root maturation model, developed using lntergraph's GeoMedia Professional 
GIS software and the Solar Analyst extension for ESRl's ArcView GIS software, integrates 
several key environmental variables. One of the most essential data components for this model 
was the raster insolation, or solar energy, coverages produced in Solar Analyst. The three 
global insolation coverages exhibited total solar radiation levels for the winter solstice, the vernal 
equinox, and the summer solstice. For each of the three seasons, values from these data layers 
were reclassified in order to obtain a raster surface depicting areas receiving the highest levels 
of insolation. 
Digital elevation models (DEMs) constitute another essential data type within the 
maturation model. DEMs provide a continuous elevation surface, which can be used to generate 
several other necessary data components. The DEM data provided the primary digital input into 
the Solar Analyst extension in the production of the insolation data. Reclassifying the DEM data 
allowed for the division of elevation values into low, medium and high zones. Finally, the DEM 
data were used to generate a slope coverage, which was then reclassified to include only 
locations situated at an acceptable gradient. 
Soil survey data, produced and distributed by the National Resource Conservation 
Service, form the final essential model component. Querying the soil database for the soil types 
that characterize lithosols provided a means to create a coverage consisting solely of these 
requisite soils. 
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Creating a Boolean overlay of these fundamental environmental variables-high 
insolation, elevation, low slopes, and lithosols-across three seasonal intervals results in a 
model in which root maturation patterns are predicted for late winter/early spring, spring, and 
summer. The model graphically depicts locations where lomatium, and its companion resource 
plants, are expected to reach maturity during each of the seasonal intervals. During late winter 
and early spring, plants are shown to mature at low elevation sites receiving optimum solar 
energy. Throughout spring and summer, the plants mature at progressively higher elevations, 
with areas of high insolation promoting the earliest growth during each season. This pattern is 
consistent with both ethnographic accounts and with botanical research concerning the plants' 
growth patterns. 
For this project, the root maturation model encompasses a study area consisting of six 
quadrangles, which straddles the border between Kittitas and Yakima Counties. This region 
served as a particularly appropriate study area for several reasons: 1) the requisite data for this 
area were available; 2) the land is open and relatively undeveloped; 3) the area's topography 
and soils are indicative of prime lomatium habitat; and 4) substantial portions are managed by 
public agencies, thus lending the potential for a multi-agency cooperative effort in future model 
applications. 
This model, though only complete for one study area at this time, could potentially serve 
to predict growth patterns for the selected resource plants across much broader regions. Before 
taking this step, however, it would be necessary to test the model results in the field. Sufficient 
field tests, in which plant locations and ecological variables such as soil type are measured, 
would require a considerable commitment of time. They could, however, be conducted as part 
of a cooperative effort between Central Washington University and the various public agencies 
managing land within the study area. Statistical analysis of collected field data within the 
functionality of a GIS would facilitate model refinement procedures, which are necessary prior to 
employing the model in future applications. 
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Plant resource models of this type offer a great potential for several applications, both 
in natural and cultural resource management. Such applications include, but are not limited to: 
prehistoric settlement models for the Columbia Plateau; management and protection of critical 
root grounds; and prediction of ungulate population concentrations in the earty spring. 
When verified and refined, the desert root crop maturation model offers great potential in 
modeling the habitats of lomatium and associated resource plants. These plants have long been 
vital to the continuance of the traditional lifeways of Columbia Plateau peoples, and as such 
should be valued, and protected, as traditional cultural properties. 
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